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Abstract: Over time, adherence to healthy behaviors may improve physical and mental strength
which is essential for successful aging. A plausible mechanism is the reduction of inflammation.
Research on the association of risky health behaviors on change in strength with age is limited. This
study examined changes in the inflammatory potential of the diet, smoking, illicit drug use with
changes in strength in a racially and socioeconomically diverse adult sample from the Healthy Aging
in Neighborhoods of Diversity Across the Life Span study. The dietary inflammatory index (DII)
was calculated from 35 food components derived from multiple 24-h dietary recalls. Strength was
evaluated by handgrip strength (HGS), SF-12 PCS and SF-12 MCS (physical and mental component
scores). Repeated measures analyses were used to examine associations. At baseline, mean age was
48.4 £ 0.25 years, 56% of the sample were women, and 58% African American. Significant 4-way in-
teractions were found between age, race, socioeconomic status, and DII for women, on change in HGS
(p <0.05) and in SF-12 PCS (p < 0.05) and for men, in change in SF-12 PCS (p < 0.05). Improvements
in SF-12 MCS were associated with all three health behaviors as main effects. This study provided
evidence that changes towards improving healthy behaviors, diet with anti-inflammatory potential,
not smoking cigarettes and not using illicit drugs, were associated with improved strength. Health
professionals, especially registered dietitians and health coaches, should create lifestyle interventions
to reduce inflammation targeting change in more than one risky health behavior.
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1. Introduction

Strength has been defined as a vital component of healthy aging [1]. It includes two
aspects—"body physical”, namely skeletal muscle strength, and mental strength which
includes cognitive ability and psychological wellbeing [2]. Establishing and preserving
healthy behaviors across the lifespan is essential for mental and physical strength in
later years.

There appears to be cross-communication between physical and mental strength [1].
Contracting skeletal muscle is a source of neurotropic factors which regulate brain synapses [3];
whereas inactivity causes muscle atrophy and increases adiposity [4]. Low muscle strength
and mass are associated with brain atrophy and cognitive impairment [3]. Kim and
colleagues [5] found that persons 45 to 65 years of age with greater muscle strength had
better cognitive function, specifically higher attentional abilities and hippocampus memory
performance. In older adults there appears to be a dose-response of direct measures of
physical function to physical and mental health [6].
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It is widely recognized that strength declines with age. Potential mechanisms for
this age-related decline in physical and mental strength are low vitamin D levels and
inflammaging, a systemic, chronic low-grade inflammation [3,4,7,8]. With age, there is a
decreased expression of the intracellular 1,25 di-hydroxyvitamin D receptor on muscle
tissue, an increase in intramuscular fat, and reduction of lean skeletal muscle mass. Among
women, the loss of estrogen at menopause is associated with increased visceral fat and
decreased muscle strength [9]. The increase in body fat with age may result in obesity which
is considered an inflammatory state [10]. Inflammaging is characterized by high systemic
cytokine and acute phase protein circulation. Vitamin D inhibits inflammation by regulating
inflammatory cytokine production and inhibiting the proliferation of proinflammatory
cells [11]. Inflammaging has been identified as a common mechanism explaining the
complex associations among chronic diseases, mental health disorders, and risky health
behaviors [4,12,13].

Risky behaviors include but are not limited to consuming a Western dietary pattern,
tobacco smoking, sleep disturbance, and physical inactivity [14-17]. Oftentimes these
behaviors cluster or co-occur in population-based studies [18,19] and act synergistically
on systematic inflammation [20]. The Western-type dietary pattern can cause metaflam-
mation, a chronic state of metabolic inflammation, resulting in persistent immune system
stimulation, gut microbiota dysbiosis, epigenetic modifications, and accumulation of senes-
cent cells [4,21-23]. Smoking appears to negatively impact both physical and mental
strength [24,25], promoting inflammation via oxidative stress and increased production
of inflammatory cytokines [26,27]. The use of illicit drugs such as cocaine can also impact
inflammatory cytokines [28-30] and may affect strength. One of the most common clusters
associated with increased mortality among adults is unhealthful diets and smoking [18].

Even though evidence exists that health behaviors are related in complex ways [20,31],
our understanding of how health behaviors relate and collectively predict change in
strength over time is limited. Our knowledge of the socio-demographic characteristics that
predict risky behavior combinations is also limited [18]. This study will explore changes in
physical and mental strength associated with changes in three risky health behaviors using
data from the Healthy Aging in Neighborhoods of Diversity across the Life Span Study.
The behaviors are the inflammatory potential of the diet consumed, cigarette smoking, and
the use of illicit drugs. Our previous research with the HANDLS sample revealed they
typically consumed a diet representative of the Western-type pattern. This eating pattern is
high in ultraprocessed foods, red meats, refined grains, and simple carbohydrates and low
in fruits, vegetables, whole grains, and dietary fiber [32]. We hypothesize that persons of
low socioeconomic status with risky behaviors will experience greater decline in strength
with age.

2. Methods
2.1. Healthy Aging in Neighborhoods of Diversity across the Life Span [HANDLS] Study

A detailed description of the HANDLS study, a prospective epidemiological study,
is available elsewhere [33,34]. The HANDLS study design was a 4-way factorial cross of
age (seven five-year age bands from 30 through 64 years), sex (men and women), race
(self-reported; non-Hispanic African American and non-Hispanic White), and poverty
status (self-reported household income < 125% or >125% of the 2004 Health and Human
Services poverty guidelines [35]). Figure 1 provides a flow diagram of the study’s house-
hold screening, participant eligibility, and response rates. Participants were drawn from
9904 households in 13 Baltimore City pre-determined neighborhoods that were selected
specifically to enable recruitment of men and women in the target racial, poverty status,
and age groups. There were 8150 individuals confirmed as eligible and invited to partici-
pate in the HANDLS study by random selection algorithm [36]. Exclusion criteria were
pregnancy and active cancer treatment within the last 6 months [34].
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Figure 1. Flow diagram of the Healthy Aging in Neighborhoods of Diversity across the Life Span Study’s household

screening, participant eligibility, and response rates.

The baseline study initiated in 2004 and completed in 2009, is referred to visit (v) 1 in
this article. The first follow-up wave, v 2, was conducted during 2009-2013. For each visit,
data collection was conducted in two phases. For v 1, Phase 1 took place in the home and
included household screening, recruitment, and completion of questionnaires with each
participant (maximum 2 per household). Phase 2 took place in a Mobile Research Vehicle
(MRV) stationed in the neighborhood, where participants underwent comprehensive health
examinations and completed computer-assisted questionnaires [34]. For v 2, Phase 1 was
completed in MRV and Phase 2 by telephone interviews, or both phases were completed at
home for those who had difficulty ambulating independently [37].

2.2. Sample

Participants were from the baseline and first follow-up visits of the HANDLS study
(n = 3720). Written consent was obtained from all participants at each wave after they
reviewed the laymen’s protocol booklet and watched a video describing all procedures.
All participants were compensated with money. The Human Institutional Review Boards
at MedStar Health Research Institute, the National Institute of Environmental Health
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Sciences, National Institutes of Health, and the University of Delaware approved the
HANDLS study protocol.

2.3. Dietary Methods and Dietary Inflammatory Index [DII]

For all visits, trained interviewers, using the US Department of Agriculture (USDA)
Automated Multiple Pass Method (AMPM) [38,39], collected food intake on 2 days. This
computer-assisted method and portion estimation visual aids are described elsewhere [40].
A 3-day training and periodic refresher trainings were completed by all interviewers. For
v 1, both interviews were done in-person; at v 2, the first recall was done in-person and
the second recall was done by telephone. Of the 3720 baseline participants, 2177 adults
completed both 24-h recalls at v 1 and 2140 persons completed both recalls at v 2. Quality
control evaluation was performed on all recalls and those who reported fasting or consum-
ing less than 500 kcal were considered unreliable and deleted. Dietary recall data were
coded with unique food codes using the USDA Food and Nutrient Database for Dietary
Studies (FNDDS), 3.0 (2005-2006) for v 1, and FNDDS, 5.0 (2009-2010) for v 2 and Survey
Net Coding software [41]. Flavonoid intakes were generated using the 2007-2010 USDA
database of flavonoid values [42].

The DII quantifies the overall effect of diet on inflammatory potential and was calcu-
lated using 35 of the 45 possible parameters identified by Shivappa and colleagues [43].
They reported that dropping from the maximum 45 to 28 parameters does not decrease in
the predictive capability of the DII [43]. This indicates that missing food parameters in the
present study would not have a major impact on the scoring. The parameters included en-
ergy, alcohol, protein, carbohydrate, dietary fiber, total fat, saturated fat, monounsaturated
fat, polyunsaturated fat, omega 3 fatty acids, omega 6 fatty acids, cholesterol, 11 vitamins,
4 minerals, 6 flavonoid classes, caffeine, and tea. The 10 parameters excluded because
they were not included in the USDA databases were trans fatty acids, garlic, ginger, onion,
pepper, rosemary, saffron, thyme/oregano, turmeric, and eugenol. The greater the DII
score the more pro-inflammatory the dietary pattern.

The DII was validated with inflammatory biomarkers [15,44-46] and has been shown
to be associated with handgrip strength, mental health disorders, and function, namely
sarcopenia and frailty [12,47-51]. Using participants in the Melbourne Collaborative Cohort
Study, Hodge and colleagues [52] reported that the DII provided similar associations with
cardiovascular disease mortality as the Mediterranean Diet Score.

Applying the global composite database to data from the HANDLS study at v 1
and v 2, the possible maximal pro-inflammatory DII score was +10.44 and the maximal
anti-inflammatory DII score was —10.44. For the analytical sample, the median was
3.39, the maximal pro-inflammatory score was 7.67, and the maximal anti-inflammatory
score was —5.798. The median DII for the men and women in our sample was 2.94 and
3.61, respectively.

2.4. Handgrip Strength

Handgrip strength [HGS] is a common biomarker for age-related changes in physical
strength [53-58]. It is useful as a diagnostic tool for identifying the risk for poor health in
older adults because it is reliable, easily applicable, and cost-effective [56].

Trained technicians using the Jamar Hydraulic Hand Dynamometer (Patterson Medi-
cal Holdings Inc., Bolingbrook, IL, USA) assessed handgrip strength [59]. This dynamome-
ter registers the maximum kilograms of force per trial. The participants were seated with
the elbow of the tested side resting on a table at approximately 160°. Two trials were
performed for both the right and left hands with a 15-20 s rest between trials. The test
was not performed if the participant reported surgery within the past three months or if
they had pain and/or arthritis that would impede their ability to successfully complete the
handgrip test. This study used the average force of the two trials for the dominant hand.
The right-hand measure was used for those who reported that they were ambidextrous.



Nutrients 2021, 13, 1824

50f15

2.5. Medical Outcomes Study Short Form (SF)-12 Physical and Mental Component Scores [SF-12
PCS and SF-12 MCS, respectively]

The SF-12 is a measure of health adopted from the SF-36 that assesses 8 different
domains. SF-12 PCS includes physical functioning, role-physical, bodily pain, and general
health while the SF-12 MCS includes scales for vitality, social functioning, role-emotional,
and mental health. The individual SF-12 questions are on a five-point Likert scale (e.g., all
of the time, most of the time, some of the time, a little of the time, and none of the time) that
assess mental health, vitality, and social functioning. The SF-12 questions about pain were
on a similar five-point Likert scale (e.g., extremely, quite a bit, moderately, a little bit, not
at all). Physical and mental health component ¢ scores are linearly transformed scores to
have a mean of 50 and a standard deviation of 10 in the general US population [60]. Higher
scores indicate better health in addition to less dysfunction and impairment.

2.6. Statistical Analyses

Data were distributed continuously and were not significantly skewed. Sex differences
in sample descriptive statistics were compared by t-tests for means and chi-square tests for
categorical measures. Separate repeated measures analyses on changes in HGS, SF-12 PCS,
and SF-12 MCS were performed by mixed-effects regression [61] stratified by sex. Mixed-
effects regression analyses are preferred for examining data with different numbers of
repeated outcome measurements obtained at nonuniform intervals. With time indexed as
age, the model computes rate of change for the entire group and then examines individuals’
deviations from the group rate. Mixed-effects regression evaluates the unique effects of
individual predictors adjusted for all other predictors in the model, includes both fixed
and random effects, accounts for the correlation among repeated measurements on the
same participant, and is unaffected by randomly missing data. Mixed-effects regression
results are interpreted as the rate of change in the outcome measures as a function of one
unit change in the dietary inflammatory index and all relevant covariates. In this study, the
analyses examined the influences of changes in DII, current illicit drug use, current cigarette
use, and age as the time-varying measures centered at 50 years (Ageso) in decade units, and
race and SES as time-invariant measures. Age was centered at 50 years in decade units
to facilitate its interpretation relative to the approximate mean age of the sample. Illicit
drugs included marijuana, cocaine, and heroin. SES was based on the level of education
attained or income, with high SES defined as household income >125% poverty or >12
years of education at enrollment. Curvilinear change in outcomes was examined by linear
and quadratic age centered at 50 in decade units. Interactions of interest were 3-way and
4-way combinations of linear and quadratic age by SES, race, and DII including 2-way
interactions. Mixed-effects regression interactions are interpreted in similar fashion to
ordinary regression such that the outcome is a function of the combination of variables
included in the interaction term. p < 0.05 were considered statistically significant. All
analyses were performed using R 4.0.3 [62].

3. Results
3.1. Sample Characteristics

The mean (& SE) age of the sample at v 1 was 48.4 & 0.25 years. At v 2, the mean (£SE)
increase was 4.58 + 0.03 years. As shown in Table 1, approximately 56% of the sample
were women and 58% of both sexes were African American. There were no differences in
the portion of African Americans or socioeconomic status within the sexes. Women were
more likely to not smoke or use illicit drugs compared to men. Women reported a diet with
significantly higher pro-inflammatory potential than men in this study. Women also had
significantly lower HGS and scores for both physical and mental health.
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Table 1. Characteristics of HANDLS study sample at Visit 1, 2004-2009.

Predictors and Outcome Measures Overall Sex

N =1907 Men N = 839 Women N = 1068 p
Age, years, X = SE 48.38 + 0.21 48.31 £ 0.32 48.43 +0.29 0.789
Race, African American, % 58.0 58.5 57.6 0.715
Socioeconomic status, High 2, % 81.8 81.9 81.7 0.984
Dietary Inflammatory Index b X +SE 3.35 + 0.05 3.05 £+ 0.08 3.58 £ 0.06 <0.001
Cigarette smoker, Not current, % 51.2 45.2 55.9 <0.001
Mllicit drug use, Not current, % 82.0 76.4 86.3 <0.001
Handgrip strength, X £ SE 34.45 + 0.25 42.24 + 0.35 28.03 £ 0.21 <0.001
SF-12 MCS €, X + SE 49.56 + 0.26 50.38 + 0.36 4890 + 0.36 0.004
SF-12PCS €, X £ SE 47.39 £ 0.26 48.13 +0.37 46.80 £+ 0.35 0.010

Abbreviations: HANDLS—Healthy Aging in Neighborhoods of Diversity across the Life Span, SF-12 MCS—Short Form-12 Mental
Component Summary score, SF-12 PCS-Short; Form-12 Physical Component Summary score. ® High socioeconomic status meant either
the household income was above 125% 2004 HHS, poverty guidelines [35] or person had at least a high school education. P Dietary
Inflammatory Index was calculated based on Shivappa et al. method [43] ¢ Component Scores are represented as t-scores with a mean of 50

and a standard deviation of 10.

3.2. Association of Health Behaviors with HGS

The regression analyses for women revealed one 4-way and one 3-way significant
interactions involving the inflammatory potential of the diet with the change in HGS with
age as the outcome (Table S1). The significant 4-way interaction was between Agesy % x
race (African American vs. White) x SES (high vs. low) x DIlaverage (B = —1.12, p < 0.05).
Figure 2a shows the change in handgrip with age by race and the inflammatory potential
of the diet while Figure 2b, depicts the relationship by SES and the inflammatory potential
of the diet. The DIl is illustrated at three levels based on representative values of the DII
distribution for this sample. In the figures, low DII represents the lowest quartile values (DII
< 1.731) and high DII by the highest quartile values (DII > 4.655). Medium DII represents
the values between low and high where median = 3.389. The 4-way interaction suggests a
greater decline in HGS over time for African American women, women consuming a diet
of high inflammatory potential and of low SES compared to White women, women whose
diet had less inflammatory potential and were of high SES, respectively. The decline in HGS
appears more accelerated after age 60 (Figure 2a,b). Among men, we found a significant
association for change in HGS over time in only one behavior—not smoking cigarettes. In
both men and women, not smoking cigarettes was directly associated with the change in
HGS with increasing age (f = 1.62, p < 0.01 and 3 = 0.82, p < 0.05, respectively) (Table S2).

3.3. Association of Health Behaviors with SF-12 PCS

Similar to HGS, the regression analyses for women revealed a significant 4-way
interaction between Ages 2 x race (African American vs. White) x SES (high vs. low) x
Dllaverage With the change in SF-12 PCS with age as the outcome (Table S1; § = —1.56,
p < 0.05). Figure 3a shows the change in SF-12 PCS with age by race and the inflammatory
potential of the diet while Figure 3b, depicts the relationship by SES and the inflammatory
potential of the diet. This interaction suggests a greater decline in SF-12 PCS over time for
White women compared to African American women (Figure 3a). The change in SF-12
PCS over time across DII groups appears to be similar (Figure 3a,b). Over time, the SF-12
PCS scores were greater for the high SES women compared to the low SES group for all DII
groups (Figure 3b).
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Figure 2. Handgrip strength (HGS) by age for HANDLS women across three levels of the dietary inflammatory index (DII)
and either race ((a) African American (AfrAM) and White) or socioeconomic status ((b) SES). HANDLS-Healthy Aging in
Neighborhoods of Diversity across the Life Span.
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Figure 3. Short Form-12 Physical Component Scores (SF-12 PCS) by age for HANDLS.women across three levels of the
dietary inflammatory index (DII) and either race ((a) African American (AfrAm) and White) or socioeconomic status ((b)
SES). HANDLS-Healthy Aging in Neighborhoods of Diversity across the Life Span.

For men, the regression analyses revealed a 4-way, as well as 3-way, and 2-way
interactions which included DII, and two main effects [DII and smoking] (Table S2). The
significant 4-way interaction for men was between Ages) > x race (African American vs.
White) x SES (high vs. low) and Dllayerage with the change in SF-12 PCS with age as the
outcome (Table S2, 3 = 1.50, p < 0.05). Figure 4a shows the change in SF-12 PCS with age by
race and the inflammatory potential of the diet while Figure 4b, depicts the relationship by
SES and the inflammatory potential of the diet. The decline in SF-12 PCS over time among
men appears to be greater for African Americans, those with low SES and men consuming
a diet with high inflammatory potential compared to White men, those of high SES, and
those who consume a diet with less inflammatory potential (Figure 4a,b). Similar to HGS,
not smoking cigarettes was directly associated with increases in SF-12 PCS with increasing
age in both sexes (men: 3 = 2.84, p < 0.001 and women: 3 = 1.39, p < 0.05) (Table S2).
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Figure 4. Short Form-12 Physical Component Scores ((SF-12 PCS) by age for HANDLS men across three levels of the dietary
inflammatory index (DII) and either race ((a) African American (AfrAm) and White) or socioeconomic status ((b) SES).
HANDLS-Healthy Aging in Neighborhoods of Diversity across the Life Span.

3.4. Association of Health Behaviors with SF-12 MCS

The regression model for women revealed changes in two health behaviors, not
smoking cigarettes (3 = 1.48, p < 0.05) and not using illicit drugs (3 = 1.72, p < 0.05),
were significantly associated with better mental health over time (Table S1). Among men,
changes in food intake to a diet with more anti-inflammatory potential (3 = —1.49, p < 0.05)
and not using illicit drugs (3 = 1.41, p < 0.05) were significantly associated with enhanced
mental health with increasing age (Table S2).

4. Discussion

The study findings reflect the multi-dimensionally of strength. The relationships
between SES and change in lifestyle behaviors with the change in strength over time
were complex and sometimes varied by sex. SES interacted with diet-related behavior
to predict physical strength change over time. To our knowledge, this is the first study
to report the inflammatory potential of the diet consumed by the HANDLS sample and
how it impacted their physical and mental strength. The association of diet with changes
in physical strength was not in the same direction for men and women. Improvement
in mental strength over time was significantly associated with diet change towards one
of more anti-inflammatory potential but only in men. Among both sexes, not smoking
cigarettes had a positive direct effect on HANDLS study participants’ physical strength
measured by handgrip, while not using illicit drugs was associated with improvements in
mental health.

Evidence for the clustering of health behaviors and their association with SES was
provided in this study. The greatest decline in physical strength among the women in
the HANDLS study sample was the combination of low SES with the consumption of
a diet with greater pro-inflammatory potential. While diet did not appear to predict
change in the mental health of the women, smoking was associated with greater decline
in both mental and physical strength of women. Among men, greater decline in mental
health was associated with a diet with higher DII scores (more pro-inflammatory) and
use of illicit drugs. The clustering of health behaviors and the association of SES with
engagement in multiple behaviors is consistent with the findings in the review by Meader
and colleagues [18]
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4.1. Physical Strength

Physical strength, measured by HGS, was significantly greater in men than in women.
Even though the absolute HGS is greater in men compared to women, Perna and col-
leagues [63] found that the relative decrease from peak physical strength was less in
women compared to men when analyzing cross-sectional data from the National Health
and Nutrition Examination Survey 2011-12. Our findings revealed that HGS of women was
highest at younger ages which correspond to the reported peaks between 30 to 39 years [63].
Then there was a gradual decline in HGS until around age 60 years when the slope became
steeper (Figure 2). Using longitudinal SF-12 PCS scores, we found the decline in physical
strength for women was less than that of men. Among women, those who were White
and categorized as high SES had greater HGS than those who were African American and
categorized as low SES.

Additionally, the mean SF-12 PCS scores for men were significantly higher than for
women. Assari and colleagues [64] who studied only African American adults, also found
men had higher scores than women. They reported that in their economically disadvan-
taged sample, older age was associated with better SF-12 PCS scores for only African
American men. Our study found that among African American men who consumed a diet
with less inflammatory potential (i.e., a healthier diet), the change in SF-12 PCS improved
with increasing age. In contrast, the inflammatory potential of the diet was only associated
with the change in HGS for women.

Across the life span, adherence to eating plans of high diet quality, such as the Mediter-
ranean and DASH (Dietary Approaches to Stop Hypertension) diets, is associated with
strength [65-68] and decreased risk of all-cause mortality [69]. These diets are rich in
fruits, vegetables, whole grains, nuts, and protein sources emphasizing seafood, low-fat
dairy foods, and lean meats and are considered anti-inflammatory [45,70,71]. With age,
in addition to the consumption of high-quality protein, physical activity is an anabolic
stimulus for physical strength [72] and have implications for the prevention and treatment
of sarcopenia [68,73].

The observed positive direct effect of not smoking cigarettes on HANDLS study par-
ticipants” HGS over time is supported by findings of other researchers [24,25]. Compared
to nonsmokers, Petersen and colleagues [74] found that among smokers the rate of muscle
protein synthesis was lower and the expression of myostatin, a muscle growth inhibitor,
was increased. Smoking appears to increase the risk of sarcopenia with age [75,76] and its
effect on lowering the strength of muscle has been linked to increased mortality [77]. Free
radicals, which cause lipid peroxidation and protein oxidation, are generated by tobacco
smoke, and probably cause these effects [78].

4.2. Mental Strength

The improvement in mental strength, assessed by the SF-12 MCS, over time was
significantly associated with diet in only men. A diet with more anti-inflammatory potential
was beneficial. Unlike physical strength, there were no interactions with DII and race or
SES. Improvements in mental strength was also associated with not smoking cigarettes
among women and not using illicit drugs among both sexes. This finding is supported by
research that documents the positive association between nicotine and drug dependence
with mental health disorders [79,80].

4.3. Potential Mechanisms to Explain Decline in Strength

A diet with greater pro-inflammatory potential and smoking can cause chronic inflam-
mation which could explain the decline in strength of HANDLS study sample with age.
The use of illicit drugs is also associated with inflammation suggesting a possible cause for
the decline in mental strength observed.

The median DII for the men and women in our sample was indicative of a pro-
inflammatory eating pattern. Diet plays a critical role in the regulation of inflammation
even with the control of potential confounders [71,81,82]. Zhang and colleagues [83]
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found a dose-related positive association between energy from ultraprocessed foods and
inadequate cardiovascular health metrics among US adults. Previous research with the
HANDLS study sample revealed that eating patterns that are more consistent with the
Healthy Eating Index and DASH diet quality indices, even though they were suboptimal
quality, were associated with lower 10-year cardiovascular risk [59]. Similarly, the results
of this study indicate that even small improvements in diet towards anti-inflammatory
potential may improve physical and mental strength.

4.4. Implications

A decrease in strength over the life span has also been documented through HGS
and self-reported data. The SF-12 PCS and SF-12 MCS have been shown to decrease
significantly with higher age [84]. These scores are not only linked to strength but also to
predictions of morbidity and mortality in older adults. The United States (US) Longitudinal
Study of Aging also found that self-assessments of physical, mental, and general health
predicted functional decline and mortality [85]. In another US study, lower scores on the
SF-12 predicted higher rates of hospitalizations and mortality in community-dwelling older
adults [86]. It seems that preventing the decline in strength may improve quality of life in
later years.

With aging, strength is essential to health, so minimizing chronic low-grade inflamma-
tion seems like a reasonable goal for the general population. Food is considered a funda-
mental prerequisite for longevity and wellbeing contributing over 26,000 biochemicals [87].
The use of the DII by nutritionists and dietitians may be beneficial when developing dietary
interventions for clients. Clients with scores indicative of pro-inflammatory diets could be
directed to more plant-based dietary patterns such as the Mediterranean or DASH eating
patterns. Since risky behaviors like smoking and alcohol misuse cluster with unhealthful
diets, diets low in fruit and vegetable intake [18], health professionals should assess these
behaviors when evaluating dietary intake.

The HANDLS study sample is a vulnerable group experiencing low SES and heath
inequities. Approximately 49% of the HANDLS study sample smokes cigarettes compared
to 21.80% of the US population and 24.02% in other high-income countries across the
world [88]. The use of illicit drugs is prevalent in the US [89] with roughly 16% of the study
sample reporting to be a current user. Comorbidity patterns exist between mental health
disorders and the use of tobacco, illicit drugs, and alcohol in the general population of high-
income countries worldwide [79,80]. The dependence on these substances is associated
with mental health disorders including depression and anxiety [79]. Smoking cessation
along with change in other behaviors that promote positive mental health can improve
quality of life [90,91] The development and implementation of targeted lifestyle behavior
intervention plans by health professionals could lead to improved overall health and
quality of life.

4.5. Strengths and Weaknesses of Study

One positive aspect of this study was the use of longitudinal data with a relatively
large sample to explore associations. Additionally, food intake was collected using a 24-h
recall on two separate days at v 1 and at v 2. The sample represents a vulnerable group
that is underrepresented in the nutrition literature and offers new insights into their health
behaviors. The mean HGS, SF-12 PCS and MCS values for the HANDLS study sample were
slightly lower than estimates reported for the US nationally representative sample [56,63,92]
(Table S3). Lastly, strength was addressed by a variety of validated measures, with handgrip
recognized as both a biomarker for aging as well as muscle strength.

There are also limitations. Statistical analyses were limited by the relatively short
intervals between repeated measures with too few repeats to assess whether there were
higher order nonlinear associations between independent and dependent variables. The
collection of data on physical activity and sleep began in v 2 and continued into the next
visit (v 3), limiting our ability to include these variables in the regression models. In the
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future when the DII for v 3 becomes available, other analyses can be performed, expanding
the time period from the baseline visit to approximately 10-12 years. Perhaps stress,
another health-related behavior, was a possible confounder but was not explored in this
study. Another limitation is that self-reported dietary intakes are subject to measurement
errors. These errors include underreporting of food and beverage intake [93,94] and social
desirability bias [95]. While the mental and physical component scores from the SF-12 are
considered meaningful measures, they are also self-reported and thus subject to bias. The
findings reflect the diverse urban sample studied and are not representative of the entire
US population.

5. Conclusions

Strength improvements with increasing age are important for overall quality of life
and health. The findings of this study illustrate the complexities of the interrelationships
among race, SES, and health behaviors with the change in strength with increasing age.
All three investigated behaviors, namely diet, smoking cigarettes, and use of illicit drugs,
showed significant effects on changes in strength with increasing age. Additionally, sex
differences exist in both objective and subjective measures of strength. Consistent with
the reports of others, women in the HANDLS sample generally had lower strength than
the men [63,64,92,96]. This study suggests changes in personal lifestyle behaviors that
promote health may improve strength. The plausible mechanism is the reduction of
pro-inflammatory biomarkers, which requires further exploration.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/1nu13061824 /51, Table S1: Estimated coefficients of change in health behaviors with strength
measures in HANDLS women, Table S2: Estimated coefficients of change in health behaviors with
strength measures in HANDLS men, Table S3: Comparison of Mean Strength Measures of HANDLS
study sample with US nationally representative sample stratified by age and sex [56,92].

Author Contributions: Conceptualization, M.EK. and E.O.-S.; methodology, M.EK., N.A.M., and
A.B.Z.; formal analysis, A.B.Z. and N.A.M.; writing—original draft preparation, M.EK,, E.O.-S.,
and A.B.Z; writing—review and editing, M.FK,, E.O.-S,, R.R,, N.A.M., MK.E,, and A.B.Z,; project
administration, M.K.E. and A.B.Z.; funding acquisition, M.K.E. and A.B.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: This work is supported by the Intramural Research Program, National Institute on Aging,
National Institutes of Health, grant Z01-AG000513.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and the study protocol was approved by Human Institutional Review
Boards at MedStar Health Research Institute, the National Institute of Environmental Health Sciences,
National Institutes of Health, and the University of Delaware.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available upon request to researchers with valid proposals
who agree to the confidentiality agreement as required by our Institutional Review Board. We
publicize our policies on our website https://handls.nih.gov. Requests for data access may be sent to
Alan Zonderman (co-author) or the study manager, Jennifer Norbeck, at norbeckje@mail.nih.gov.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Askow, A.T.; McKenna, C.F; Box, A.G.; Khan, N.A; Petruzzello, S.].; De Lisio, M.; Phillips, S.M.; Burd, N.A. Of Sound Mind and
Body: Exploring the Diet-Strength Interaction in Healthy Aging. Front. Nutr. 2020, 7. [CrossRef]

2. Leidy, HJ.; Gwin, J.A. Growing up strong: The importance of physical, mental, and emotional strength during childhood and
adolescence with focus on dietary factors. Appl. Physiol. Nutr. Metab. 2020, 45, 1-10. [CrossRef]

3. Sui, S.X,; Williams, L.J.; Holloway-Kew, K.L.; Hyde, N.K.; Pasco, J.A. Skeletal Muscle Health and Cognitive Function: A Narrative
Review. Int. J. Mol. Sci. 2020, 22, 255. [CrossRef]

Santoro, A.; Martucci, M.; Conte, M.; Capri, M.; Franceschi, C.; Salvioli, S. Inflammaging, hormesis and the rationale for anti-aging

strategies. Ageing Res. Rev. 2020, 64, 101142. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu13061824/s1
https://www.mdpi.com/article/10.3390/nu13061824/s1
https://handls.nih.gov
http://doi.org/10.3389/fnut.2020.00145
http://doi.org/10.1139/apnm-2020-0058
http://doi.org/10.3390/ijms22010255
http://doi.org/10.1016/j.arr.2020.101142
http://www.ncbi.nlm.nih.gov/pubmed/32814129

Nutrients 2021, 13, 1824 12 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kim, J.; McKenna, C.E; Salvador, A.F.; Scaroni, S.E.; Cerna, J.; Cannavale, C.N.; Paluska, S.A.; De Lisio, M.; Burd, N.A.; Khan, N.A.
Relationships Between Muscular Strength, Cognitive Control, And Hippocampal Dependent Relational Memory Function. Med.
Sci. Sports Exerc. 2020, 52, 837. [CrossRef]

Garber, C.E.; Greaney, M.L.; Riebe, D.; Nigg, C.R.; Burbank, P; Clark, P.G. Physical and mental health-related correlates of
physical function in community dwelling older adults: A cross sectional study. BMC Geriatr. 2010, 10, 6-10. [CrossRef] [PubMed]
Sartori, A.C.; Vance, D.E,; Slater, L.Z.; Crowe, M. The Impact of Inflammation on Cognitive Function in Older Adults. ]. Neurosci.
Nurs. 2012, 44, 206-217. [CrossRef] [PubMed]

Tuttle, C.S.; Thang, L.A.; Maier, A.B. Markers of inflammation and their association with muscle strength and mass: A systematic
review and meta-analysis. Ageing Res. Rev. 2020, 64, 101185. [CrossRef] [PubMed]

Maltais, M.L.; Desroches, J.; Dionne, I.]. Changes in muscle mass and strength after menopause. . Musculoskelet. Neuronal Interact
2009, 9, 186-197.

Ellulu, M.S.; Patimah, I.; Khaza’Ai, H.; Rahmat, A.; Abed, Y. Obesity and inflammation: The linking mechanism and the
complications. Arch. Med. Sci. 2017, 13, 851-863. [CrossRef]

Agrawal, D.; Yin, K. Vitamin D and inflammatory diseases. J. Inflamm. Res. 2014, 7, 69-87. [CrossRef]

Haghighatdoost, F; Feizi, A.; Esmaillzadeh, A.; Feinle-Bisset, C.; Keshteli, A.-H.; Afshar, H.; Adibi, P. Association between the
dietary inflammatory index and common mental health disorders profile scores. Clin. Nutr. 2019, 38, 1643-1650. [CrossRef]
[PubMed]

O’Neil, A.; Shivappa, N.; Jacka, EN.; Kotowicz, M.A.; Kibbey, K.; Hebert, J.R.; Pasco, J.A. Pro-inflammatory dietary intake as a
risk factor for CVD in men: A 5-year longitudinal study. Br. J. Nutr. 2015, 114, 2074-2082. [CrossRef]

Burini, R.C.; Anderson, E.; Durstine, J.L.; Carson, J.A. Inflammation, physical activity, and chronic disease: An evolutionary
perspective. Sports Med. Health Sci. 2020, 2, 1-6. [CrossRef]

Shivappa, N. Diet and Chronic Diseases: Is There a Mediating Effect of Inflammation? Nutrients 2019, 11, 1639. [CrossRef]
[PubMed]

Irwin, M.R. Sleep and inflammation: Partners in sickness and in health. Nat. Rev. Immunol. 2019, 19, 702-715. [CrossRef]
[PubMed]

Shivappa, N.; Hébert, ] R.; Rietzschel, E.R.; De Buyzere, M.L.; Langlois, M.; Debruyne, E.; Marcos, A.; Huybrechts, I. Associations
between dietary inflammatory index and inflammatory markers in the Asklepios Study. Br. J. Nutr. 2015, 113, 665-671. [CrossRef]
Meader, N.; King, K.; Moe-Byrne, T.; Wright, K.; Graham, H.; Petticrew, M.; Power, C.; White, M.; Sowden, A.]. A systematic
review on the clustering and co-occurrence of multiple risk behaviours. BMC Public Health 2016, 16, 1-9. [CrossRef]

Hodge, A.M.; Bassett, ] K.; Shivappa, N.; Hébert, ].R.; English, D.; Giles, G.; Severi, G. Dietary inflammatory index, Mediterranean
diet score, and lung cancer: A prospective study. Cancer Causes Control. 2016, 27, 907-917. [CrossRef]

Loprinzi, P.D. Health Behavior Combinations and Their Association With Inflammation. Am. J. Health Promot. 2016, 30, 331-334.
[CrossRef]

Christ, A.; Lauterbach, M.; Latz, E. Western Diet and the Immune System: An Inflammatory Connection. Immunity 2019, 51,
794-811. [CrossRef]

Thorburn, A.N.; Macia, L.; Mackay, C.R. Diet, Metabolites, and “Western-Lifestyle” Inflammatory Diseases. Immunity 2014, 40,
833-842. [CrossRef] [PubMed]

Zinocker, M.K,; Lindseth, I.A. The Western Diet-Microbiome-Host Interaction and Its Role in Metabolic Disease. Nutrients 2018,
10, 365. [CrossRef] [PubMed]

Saito, T.; Miyatake, N.; Sakano, N.; Oda, K.; Katayama, A.; Nishii, K.; Numata, T. Relationship Between Cigarette Smoking and
Muscle Strength in Japanese Men. . Prev. Med. Public Health 2012, 45, 381-386. [CrossRef] [PubMed]

Sternéng, O.; Reynolds, C.A.; Finkel, D.; Ernsth-Bravell, M.; Pedersen, N.L.; Aslan, A.K.D. Factors associated with grip strength
decline in older adults. Age Ageing 2015, 44, 269-274. [CrossRef] [PubMed]

O’Connor, M.-E,; Irwin, M.R. Links Between Behavioral Factors and Inflammation. Clin. Pharmacol. Ther. 2010, 87, 479-482.
[CrossRef] [PubMed]

Strzelak, A.; Ratajczak, A.; Adamiec, A.; Feleszko, W. Tobacco smoke induces and alters immune responses in the lung triggering
inflammation, allergy, asthma and other lung diseases: A mechanistic review. Int. |. Environ. Res. Public Health 2018, 15, 1033.
[CrossRef]

Fox, H.C.; D’Sa, C.; Kimmerling, A.; Siedlarz, K.M.; Tuit, K.L.; Stowe, R.; Sinha, R. Immune system inflammation in cocaine
dependent individuals: Implications for medications development. Hum. Psychopharmacol. Clin. Exp. 2012, 27, 156-166.
[CrossRef]

Stamatovich, S.N.; Lopez-Gamundi, P.; Suchting, R.; Colpo, G.D.; Walss-Bass, C.; Lane, S.D.; Schmitz, ].M.; Wardle, M.C. Plasma
pro- and anti-inflammatory cytokines may relate to cocaine use, cognitive functioning, and depressive symptoms in cocaine use
disorder. Am. J. Drug Alcohol Abus. 2020, 47, 1-13. [CrossRef] [PubMed]

Volpe, G.E.; Ward, H.; Mwamburi, M.; Dinh, D.; Bhalchandra, S.; Wanke, C.; Kane, A.V. Associations of Cocaine Use and HIV
Infection With the Intestinal Microbiota, Microbial Translocation, and Inflammation. J. Stud. Alcohol Drugs 2014, 75, 347-357.
[CrossRef]

Utholz, K.E.; Harlow, L.L. Modeling multiple health behaviors and general health. Prev. Med. 2017, 105, 127-134. [CrossRef]
[PubMed]


http://doi.org/10.1249/01.mss.0000684548.57159.bd
http://doi.org/10.1186/1471-2318-10-6
http://www.ncbi.nlm.nih.gov/pubmed/20128902
http://doi.org/10.1097/JNN.0b013e3182527690
http://www.ncbi.nlm.nih.gov/pubmed/22743812
http://doi.org/10.1016/j.arr.2020.101185
http://www.ncbi.nlm.nih.gov/pubmed/32992047
http://doi.org/10.5114/aoms.2016.58928
http://doi.org/10.2147/JIR.S63898
http://doi.org/10.1016/j.clnu.2018.08.016
http://www.ncbi.nlm.nih.gov/pubmed/30190117
http://doi.org/10.1017/S0007114515003815
http://doi.org/10.1016/j.smhs.2020.03.004
http://doi.org/10.3390/nu11071639
http://www.ncbi.nlm.nih.gov/pubmed/31323738
http://doi.org/10.1038/s41577-019-0190-z
http://www.ncbi.nlm.nih.gov/pubmed/31289370
http://doi.org/10.1017/S000711451400395X
http://doi.org/10.1186/s12889-016-3373-6
http://doi.org/10.1007/s10552-016-0770-1
http://doi.org/10.1177/0890117116646340
http://doi.org/10.1016/j.immuni.2019.09.020
http://doi.org/10.1016/j.immuni.2014.05.014
http://www.ncbi.nlm.nih.gov/pubmed/24950203
http://doi.org/10.3390/nu10030365
http://www.ncbi.nlm.nih.gov/pubmed/29562591
http://doi.org/10.3961/jpmph.2012.45.6.381
http://www.ncbi.nlm.nih.gov/pubmed/23230468
http://doi.org/10.1093/ageing/afu170
http://www.ncbi.nlm.nih.gov/pubmed/25362503
http://doi.org/10.1038/clpt.2009.255
http://www.ncbi.nlm.nih.gov/pubmed/20130566
http://doi.org/10.3390/ijerph15051033
http://doi.org/10.1002/hup.1251
http://doi.org/10.1080/00952990.2020.1828439
http://www.ncbi.nlm.nih.gov/pubmed/33119414
http://doi.org/10.15288/jsad.2014.75.347
http://doi.org/10.1016/j.ypmed.2017.08.003
http://www.ncbi.nlm.nih.gov/pubmed/28893595

Nutrients 2021, 13, 1824 13 of 15

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kuczmarski, M.E.,; Mason, M.A; Beydoun, M.A.; Allegro, D.; Zonderman, A.B.; Evans, M.K. Dietary Patterns and Sarcopenia in
an Urban African American and White Population in the United States. J. Nutr. Gerontol. Geriatr. 2013, 32, 291-316. [CrossRef]
[PubMed]

Evans, M.K.; Lepkowski, ].M.; Powe, N.R.; LaVeist, T.; Kuczmarski, M.F,; Zonderman, A.B. Healthy Aging in Neighborhoods of
Diversity across the Life Span (HANDLS): Overcoming barriers to implementing a longitudinal, epidemiologic, urban study of
health, race, and socioeconomic status. Ethn. Dis. 2010, 20, 267-275.

Wave 1 Study Protocol. Available online: https://handls.nih.gov/02Protocol-01Wave01l.htm (accessed on 17 February 2021).
US Department of Health and Human Services. The 2004 HHS Poverty Guidelines. Available online: https://aspe.hhs.gov/2004
-hhs-poverty-guidelines (accessed on 25 May 2021).

Kuczmarski, M.E; Shupe, E.S,; Pohlig, R.T.; Rawal, R.; Zonderman, A.B.; Evans, M.K. A Longitudinal Assessment of Diet Quality
and Risks Associated with Malnutrition in Socioeconomic and Racially Diverse Adults. Nutrients 2019, 11, 2046. [CrossRef]
[PubMed]

Wave 3 Study Protocol. Available online: https://handls.nih.gov/02Protocol-01Wave03.htm (accessed on 17 February 2021).
Moshfegh, A.J.; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, J.C.; Rumpler, W.V.; Paul, D.R.; Sebastian, R.S.; Kuczynski, K.J.;
Ingwersen, L.A_; et al. The US Department of Agriculture Automated Multiple-Pass Method reduces bias in the collection of
energy intakes. Am. J. Clin. Nutr. 2008, 88, 324-332. [CrossRef] [PubMed]

Raper, N.; Perloff, B.; Ingwersen, L.; Steinfeldt, L.; Anand, J. An overview of USDA’s Dietary Intake Data System. J. Food Compos.
Anal. 2004, 17, 545-555. [CrossRef]

McBride, J. Was it a slab, a slice, or a sliver? Agric. Res. 2001, 49, 4-7.

US Department of Agriculture. Food and Nutrient Database for Dietary Studies. Available online: https://www.ars.usda.gov/
northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center /food-surveys-research-group/docs/fndds-
download-databases/ (accessed on 17 February 2021).

Sebastian, R.S.; Goldman, J.D.; Martin, C.L.; Steinfeldt, L.C.; Wilkinson Enns, C.; Moshfegh, A.J. Flavonoid Values for USDA
Survey Foods and Beverages 2007-2008. Available online: www.ars.usda.gov/nea/bhnrc/fsrg (accessed on 25 May 2021).
Shivappa, N.; Steck, S.; Hurley, T.G.; Hussey, ].R.; Hébert, ].R. Designing and developing a literature-derived, population-based
dietary inflammatory index. Public Health Nutr. 2014, 17, 1689-1696. [CrossRef]

Shivappa, N.; Steck, S.E.; Hurley, T.G.; Hussey, ].R.; Ma, Y.; Ockene, 1.S.; Tabung, E; Hebert, ].R. A population-based dietary
inflammatory index predicts levels of C-reactive protein in the Seasonal Variation of Blood Cholesterol Study (SEASONS). Public
Health Nutr. 2014, 17, 1825-1833. [CrossRef]

Corley, J.; Shivappa, N.; Hébert, J.R.; Starr, ].M.; Deary, 1.]. Associations between Dietary Inflammatory Index Scores and
Inflammatory Biomarkers among Older Adults in the Lothian Birth Cohort 1936 Study. J. Nutr. Health Aging 2019, 23, 628-636.
[CrossRef]

Wirth, M.D,; Shivappa, N.; Davis, L.; Hurley, T.G.; Ortaglia, A.; Drayton, R.; Blair, S.N.; Hébert, J.R. Construct Validation of the
Dietary Inflammatory Index among African Americans. J. Nutr. Health Aging 2016, 21, 487-491. [CrossRef]

Bagheri, A.; Soltani, S.; Hashemi, R.; Heshmat, R.; Motlagh, A.D.; Esmaillzadeh, A. Inflammatory potential of the diet and risk of
sarcopenia and its components. Nutr. J. 2020, 19, 1-8. [CrossRef] [PubMed]

Cervo, M.M,; Shivappa, N.; Hebert, J.R.; Oddy, W.H.; Winzenberg, T.; Balogun, S.; Wu, E,; Ebeling, P.; Aitken, D.; Jones, G.; et al.
Longitudinal associations between dietary inflammatory index and musculoskeletal health in community-dwelling older adults.
Clin. Nutr. 2020, 39, 516-523. [CrossRef]

Kim, D.; Park, Y. Association between the Dietary Inflammatory Index and Risk of Frailty in Older Individuals with Poor
Nutritional Status. Nutrients 2018, 10, 1363. [CrossRef]

Shivappa, N.; Hébert, ].R.; Veronese, N.; Caruso, M.G.; Notarnicola, M.; Maggi, S.; Stubbs, B.; Firth, ].; Fornaro, M.; Solmi, M. The
relationship between the dietary inflammatory index (DII®) and incident depressive symptoms: A longitudinal cohort study. J.
Affect. Disord. 2018, 235, 39—44. [CrossRef]

Shivappa, N.; Stubbs, B.; Hébert, ].R.; Cesari, M.; Schofield, P.; Soysal, P.; Maggi, S.; Veronese, N. The Relationship Between
the Dietary Inflammatory Index and Incident Frailty: A Longitudinal Cohort Study. J. Am. Med. Dir. Assoc. 2018, 19, 77-82.
[CrossRef]

Hodge, A.; Bassett, ].; Dugué, P.-A.; Shivappa, N.; Hébert, J.; Milne, R.; English, D.; Giles, G. Dietary inflammatory index or
Mediterranean diet score as risk factors for total and cardiovascular mortality. Nutr. Metab. Cardiovasc. Dis. 2018, 28, 461-469.
[CrossRef] [PubMed]

Bhasin, S.; Travison, T.G.; Manini, TM.; Patel, S.; Pencina, K.M.; Fielding, R.A.; Magaziner, ]. M.; Newman, A.B.; Kiel, D.P;
Cooper, C.; et al. Sarcopenia Definition: The Position Statements of the Sarcopenia Definition and Outcomes Consortium. J. Am.
Geriatr. Soc. 2020, 68, 1410-1418. [CrossRef] [PubMed]

Kim, H.; Kwon, O. Higher Diet Quality is Associated with Lower Odds of Low Hand Grip Strength in the Korean Elderly
Population. Nutrients 2019, 11, 1487. [CrossRef]

Cruz-Jentoft, A.].; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyére, O.; Cederholm, T.; Cooper, C.; Landi, F,; Rolland, Y.; Sayer, A.A ; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef] [PubMed]
Bohannon, RW.; Wang, Y.-C.; Yen, S.-C.; Grogan, K.A. Handgrip Strength: A Comparison of Values Obtained From the NHANES
and NIH Toolbox Studies. Am. J. Occup. Ther. 2019, 73, 7302205080-7302205081. [CrossRef]


http://doi.org/10.1080/21551197.2013.840255
http://www.ncbi.nlm.nih.gov/pubmed/24224938
https://handls.nih.gov/02Protocol-01Wave01.htm
https://aspe.hhs.gov/2004-hhs-poverty-guidelines
https://aspe.hhs.gov/2004-hhs-poverty-guidelines
http://doi.org/10.3390/nu11092046
http://www.ncbi.nlm.nih.gov/pubmed/31480661
https://handls.nih.gov/02Protocol-01Wave03.htm
http://doi.org/10.1093/ajcn/88.2.324
http://www.ncbi.nlm.nih.gov/pubmed/18689367
http://doi.org/10.1016/j.jfca.2004.02.013
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-human-nutrition-research-center/food-surveys-research-group/docs/fndds-download-databases/
www.ars.usda.gov/nea/bhnrc/fsrg
http://doi.org/10.1017/S1368980013002115
http://doi.org/10.1017/S1368980013002565
http://doi.org/10.1007/s12603-019-1221-y
http://doi.org/10.1007/s12603-016-0775-1
http://doi.org/10.1186/s12937-020-00649-2
http://www.ncbi.nlm.nih.gov/pubmed/33248463
http://doi.org/10.1016/j.clnu.2019.02.031
http://doi.org/10.3390/nu10101363
http://doi.org/10.1016/j.jad.2018.04.014
http://doi.org/10.1016/j.jamda.2017.08.006
http://doi.org/10.1016/j.numecd.2018.01.010
http://www.ncbi.nlm.nih.gov/pubmed/29576250
http://doi.org/10.1111/jgs.16372
http://www.ncbi.nlm.nih.gov/pubmed/32150289
http://doi.org/10.3390/nu11071487
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.5014/ajot.2019.029538

Nutrients 2021, 13, 1824 14 of 15

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Kim, J.-H. Effect of grip strength on mental health. J. Affect. Disord. 2019, 245, 371-376. [CrossRef]

Rijk, ].M.; Roos, PR.K.M.; Deckx, L.; Akker, M.V.D.; Buntinx, F. Prognostic value of handgrip strength in people aged 60 years
and older: A systematic review and meta-analysis. Geriatr. Gerontol. Int. 2015, 16, 5-20. [CrossRef]

Kuczmarski, M.E; Pohlig, R.T.; Shupe, E.S.; Zonderman, A.B.; Evans, M.K. Dietary Protein Intake and Overall Diet Quality are
Associated with Handgrip Strength in African American and White Adults. J. Nutr. Health Aging 2018, 22, 700-709. [CrossRef]
Ware, J.E.; Kosinski, M.; Keller, S.D. SF-12: How to Score the SF-12 Physical and Mental Health Summary Scales, 2nd ed.; The Health
Institute, New England Medical Center: Boston, UK, 1995.

Grimm, K.J.; Ram, N.; Estabrook, R. Growth Modeling: Structural Equation and Multilevel Modeling Approaches; The Guilford Press:
New York, NY, USA, 2017.

R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna,
Austria. 2020. Available online: http:/ /www.R-project.org/ (accessed on 11 March 2021).

Perna, EM,; Coa, K,; Troiano, R.P.; Lawman, H.G.; Wang, C.-Y; Li, Y.; Moser, R.P.; Ciccolo, J.T.; Comstock, B.A.; Kraemer, W.J.
Muscular Grip Strength Estimates of the U.S. Population from the National Health and Nutrition Examination Survey 2011-2012.
J. Strength Cond. Res. 2016, 30, 867-874. [CrossRef] [PubMed]

Assari, S.; Smith, J.; Bazargan, M. Health-Related Quality of Life of Economically Disadvantaged African American Older Adults:
Age and Gender Differences. Int. ]. Environ. Res. Public Health 2019, 16, 1522. [CrossRef] [PubMed]

Muros, J.J.; Cofre-Bolados, C.; Arriscado, D.; Zurita, F; Knox, E. Mediterranean diet adherence is associated with lifestyle, physical
fitness, and mental wellness among 10-y-olds in Chile. Nutrients 2017, 35, 87-92. [CrossRef]

Granic, A.; Sayer, A.A.; Robinson, S.M. Dietary Patterns, Skeletal Muscle Health, and Sarcopenia in Older Adults. Nutrients 2019,
11, 745. [CrossRef]

Lai, J.S.; Hiles, S.; Bisquera, A.; Hure, A.].; McEvoy, M.; Attia, ]. A systematic review and meta-analysis of dietary patterns and
depression in community-dwelling adults. Am. J. Clin. Nutr. 2013, 99, 181-197. [CrossRef] [PubMed]

Cruz-Jentoft, A.J.; Hughes, B.D.; Scott, D.; Sanders, K.M.; Rizzoli, R. Nutritional strategies for maintaining muscle mass and
strength from middle age to later life: A narrative review. Maturitas 2020, 132, 57-64. [CrossRef]

Department of Agriculture, Food and Nutrition Service, Center for Nutrition Policy and Promotion. 2020 Dietary Guidelines
Advisory Committee: N. E. S. R. T. Dietary Patterns and All-Cause Mortality: A Systematic Re-view. U.S. Available online: https:
/ /nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-patterns-subcommittee (accessed on
25 May 2021).

Kotemori, A.; Sawada, N.; Iwasaki, M.; Yamaji, T.; Shivappa, N.; Hebert, ].R.; Ishihara, ].; Inoue, M.; Tsugane, S. Validating the
dietary inflammatory index using inflammatory biomarkers in a Japanese population: A cross-sectional study of the JPHC-FFQ
validation study. Nutrients 2020, 69, 110569. [CrossRef] [PubMed]

Cavicchia, PP; Steck, S.E.; Hurley, T.G.; Hussey, ].R;; Ma, Y.; Ockene, LS.; Hébert, ].R. A New Dietary Inflammatory Index Predicts
Interval Changes in Serum High-Sensitivity C-Reactive Protein. J. Nutr. 2009, 139, 2365-2372. [CrossRef] [PubMed]

Alamilla, R.A.; McKenna, C.F,; Salvador, A.F.; Scaroni, S.; Martinez, I.G.; Beals, ].W.; Paluska, S.A.; Burd, N.A. Higher Protein
Intake does Not Potentiate Resistance Training-Induced Muscular Adaptations in Middle-aged Adults. Med. Sci. Sports Exerc.
2019, 51, 791. [CrossRef]

Robinson, S.; Reginster, ]J.; Rizzoli, R.; Shaw, S.; Kanis, J.; Bautmans, I.; Bischoff-Ferrari, H.; Bruyere, O.; Cesari, M.; Dawson-
Hughes, B.; et al. Does nutrition play a role in the prevention and management of sarcopenia? Clin. Nutr. 2018, 37, 1121-1132.
[CrossRef]

Petersen, A.M.W.; Magkos, F.; Atherton, P; Selby, A.; Smith, K.; Rennie, M.].; Pedersen, B.K.; Mittendorfer, B. Smoking impairs
muscle protein synthesis and increases the expression of myostatin and MAFbx in muscle. Am. ]. Physiol. Metab. 2007, 293,
E843-E848. [CrossRef]

Rom, O,; Kaisari, S.; Aizenbud, D.; Reznick, A.Z. Sarcopenia and smoking: A possible cellular model of cigarette smoke effects on
muscle protein breakdown. Ann. N. Y. Acad. Sci. 2012, 1259, 47-53. [CrossRef]

Steffl, M.; Bohannon, R.W.; Petr, M.; Kohlikova, E.; Holmerova, I. Relation Between Cigarette Smoking and Sarcopenia: Meta-
Analysis. Physiol. Res. 2015, 64, 419—426. [CrossRef] [PubMed]

Metter, E.J.; Talbot, L.A.; Schrager, M.; Conwit, R. Skeletal Muscle Strength as a Predictor of All-Cause Mortality in Healthy Men.
J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2002, 57, B359-B365. [CrossRef]

Ozguner, F; Koyu, A.; Cesur, G. Active smoking causes oxidative stress and decreases blood melatonin levels. Toxicol. Ind. Health
2005, 21, 21-26. [CrossRef]

Jane-Llopis, E.; Matytsina, I. Mental health and alcohol, drugs and tobacco: A review of the comorbidity between mental disorders
and the use of alcohol, tobacco and illicit drugs. Drug Alcohol Rev. 2006, 25, 515-536. [CrossRef]

Lipari, R.N.; Van Horn, S. Smoking and Mental Illness Among Adults in the United States (The CBHSQ Report: March 30, 2017,
Issue. Available online: https://www.samhsa.gov/data/sites/default/files /report_2738 /ShortReport-2738.html (accessed on
25 May 2021).

Mazidi, M.; Shivappa, N.; Wirth, M.D.; Hebert, ].R.; Mikhailidis, D.P.; Kengne, A.P.; Banach, M. Dietary inflammatory index and
cardiometabolic risk in US adults. Atherosclerosis 2018, 276, 23-27. [CrossRef]

Phillips, C.M.; Shivappa, N.; Hébert, ].R.; Perry, L]. Dietary Inflammatory Index and Biomarkers of Lipoprotein Metabolism,
Inflammation and Glucose Homeostasis in Adults. Nutrients 2018, 10, 1033. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jad.2018.11.017
http://doi.org/10.1111/ggi.12508
http://doi.org/10.1007/s12603-018-1006-8
http://www.R-project.org/
http://doi.org/10.1519/JSC.0000000000001104
http://www.ncbi.nlm.nih.gov/pubmed/26196662
http://doi.org/10.3390/ijerph16091522
http://www.ncbi.nlm.nih.gov/pubmed/31036795
http://doi.org/10.1016/j.nut.2016.11.002
http://doi.org/10.3390/nu11040745
http://doi.org/10.3945/ajcn.113.069880
http://www.ncbi.nlm.nih.gov/pubmed/24196402
http://doi.org/10.1016/j.maturitas.2019.11.007
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-patterns-subcommittee
https://nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-patterns-subcommittee
http://doi.org/10.1016/j.nut.2019.110569
http://www.ncbi.nlm.nih.gov/pubmed/31574409
http://doi.org/10.3945/jn.109.114025
http://www.ncbi.nlm.nih.gov/pubmed/19864399
http://doi.org/10.1249/01.mss.0000562862.73585.43
http://doi.org/10.1016/j.clnu.2017.08.016
http://doi.org/10.1152/ajpendo.00301.2007
http://doi.org/10.1111/j.1749-6632.2012.06532.x
http://doi.org/10.33549/physiolres.932802
http://www.ncbi.nlm.nih.gov/pubmed/25536323
http://doi.org/10.1093/gerona/57.10.B359
http://doi.org/10.1191/0748233705th211oa
http://doi.org/10.1080/09595230600944461
https://www.samhsa.gov/data/sites/default/files/report_2738/ShortReport-2738.html
http://doi.org/10.1016/j.atherosclerosis.2018.02.020
http://doi.org/10.3390/nu10081033
http://www.ncbi.nlm.nih.gov/pubmed/30096775

Nutrients 2021, 13, 1824 15 of 15

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Zhang, Z.; Jackson, S.L.; Martinez, E.; Gillespie, C.; Yang, Q. Association between ultraprocessed food intake and cardiovascular
health in US adults: A cross-sectional analysis of the NHANES 2011-2016. Am. J. Clin. Nutr. 2021, 113, 428-436. [CrossRef]
Jakobsson, U. Using the 12-item Short Form health survey (SF-12) to measure quality of life among older people. Aging Clin. Exp.
Res. 2007, 19, 457-464. [CrossRef] [PubMed]

Lee, Y. The predictive value of self assessed general, physical, and mental health on functional decline and mortality in older
adults. J. Epidemiol. Community Health 2000, 54, 123-129. [CrossRef]

Dorr, D.A.; Jones, S.S.; Burns, L.; Donnelly, S.M.; Brunker, C.P.; Wilcox, A.; Clayton, P.D. Use of Health-Related, Quality-of-Life
Metrics to Predict Mortality and Hospitalizations in Community-Dwelling Seniors. J. Am. Geriatr. Soc. 2006, 54, 667—673.
[CrossRef]

Barabasi, A.-L.; Menichetti, G.; Loscalzo, ]. The unmapped chemical complexity of our diet. Nat. Food 2020, 1, 33-37. [CrossRef]
Ritchie, H.; Roser, M. Smoking. Available online: https://ourworldindata.org/smoking#share-who-smoke (accessed on
17 May 2021).

Peacock, A.; Leung, ].; Larney, S.; Colledge, S.; Hickman, M.; Rehm, J.; Giovino, G.A.; West, R.; Hall, W,; Griffiths, P; et al. Global
statistics on alcohol, tobacco and illicit drug use: 2017 status report. Addiction 2018, 113, 1905-1926. [CrossRef]

Kobau, R; Seligman, M.E.; Peterson, C.; Diener, E.; Zack, M.M.; Chapman, D.; Thompson, W. Mental Health Promotion in Public
Health: Perspectives and Strategies from Positive Psychology. Am. J. Public Health 2011, 101, e1-€9. [CrossRef] [PubMed]
Taylor, G.; McNeill, A.; Girling, A.; Farley, A.; Lindson, N.; Aveyard, P. Change in mental health after smoking cessation:
Systematic review and meta-analysis. BM] 2014, 348, g1151. [CrossRef]

Hanmer, J.; Kaplan, R.M. Update to the Report of Nationally Representative Values for the Noninstitutionalized US Adult
Population for Five Health-Related Quality-of-Life Scores. Value Health 2016, 19, 1059-1062. [CrossRef]

Orcholski, L.; Luke, A.; Plange-Rhule, J.; Bovet, P.; Forrester, T.E.; Lambert, E.; Dugas, L.R.; Kettmann, E.; Durazo-Arvizu, R.A,;
Cooper, R.S,; et al. Under-reporting of dietary energy intake in five populations of the African diaspora. Br. J. Nutr. 2015, 113,
464-472. [CrossRef] [PubMed]

Wehling, H.; Lusher, J. People with a body mass index > 30 under-report their dietary intake: A systematic review. J. Health
Psychol. 2017, 24, 2042-2059. [CrossRef] [PubMed]

Schoch, A.H.; Raynor, H.A. Social desirability, not dietary restraint, is related to accuracy of reported dietary intake of a laboratory
meal in females during a 24-h recall. Eat. Behav. 2012, 13, 78-81. [CrossRef] [PubMed]

Yorke, A.M.; Curtis, A.B.; Shoemaker, M.; Vangsnes, E. Grip Strength Values Stratified by Age, Gender, and Chronic Disease
Status in Adults Aged 50 Years and Older. J. Geriatr. Phys. Ther. 2015, 38, 115-121. [CrossRef]


http://doi.org/10.1093/ajcn/nqaa276
http://doi.org/10.1007/BF03324731
http://www.ncbi.nlm.nih.gov/pubmed/18172367
http://doi.org/10.1136/jech.54.2.123
http://doi.org/10.1111/j.1532-5415.2006.00681.x
http://doi.org/10.1038/s43016-019-0005-1
https://ourworldindata.org/smoking#share-who-smoke
http://doi.org/10.1111/add.14234
http://doi.org/10.2105/AJPH.2010.300083
http://www.ncbi.nlm.nih.gov/pubmed/21680918
http://doi.org/10.1136/bmj.g1151
http://doi.org/10.1016/j.jval.2016.05.019
http://doi.org/10.1017/S000711451400405X
http://www.ncbi.nlm.nih.gov/pubmed/25585294
http://doi.org/10.1177/1359105317714318
http://www.ncbi.nlm.nih.gov/pubmed/28810493
http://doi.org/10.1016/j.eatbeh.2011.11.010
http://www.ncbi.nlm.nih.gov/pubmed/22177404
http://doi.org/10.1519/JPT.0000000000000037

	Introduction 
	Methods 
	Healthy Aging in Neighborhoods of Diversity across the Life Span [HANDLS] Study 
	Sample 
	Dietary Methods and Dietary Inflammatory Index [DII] 
	Handgrip Strength 
	Medical Outcomes Study Short Form (SF)-12 Physical and Mental Component Scores [SF-12 PCS and SF-12 MCS, respectively] 
	Statistical Analyses 

	Results 
	Sample Characteristics 
	Association of Health Behaviors with HGS 
	Association of Health Behaviors with SF-12 PCS 
	Association of Health Behaviors with SF-12 MCS 

	Discussion 
	Physical Strength 
	Mental Strength 
	Potential Mechanisms to Explain Decline in Strength 
	Implications 
	Strengths and Weaknesses of Study 

	Conclusions 
	References

